With the aim of developing new functional foods, a traditional product, the table olive, was used as a vehicle for incorporating probiotic bacterial species. Survival on table olives of Lactobacillus rhamnosus (three strains), Lactobacillus paracasei (two strains), Bifidobacterium bifidum (one strain), and Bifidobacterium longum (one strain) at room temperature was investigated. The results obtained using a selected olive sample demonstrated that bifidobacteria and one strain of L. rhamnosus (Lactobacillus GG) showed a good survival rate, with a recovery of about 10 6 CFU g ؊1 after 30 days. The Lactobacillus GG population remained unvaried until the end of the experiment, while a slight decline (to about 10 5 CFU g ؊1 ) was observed for bifidobacteria. High viability, with more than 10 7 CFU g ؊1 , was observed throughout the 3-month experiment for L. paracasei IMPC2.1. This strain, selected for its potential probiotic characteristics and for its lengthy survival on olives, was used to validate table olives as a carrier for transporting bacterial cells into the human gastrointestinal tract. L. paracasei IMPC2
Over recent decades, the development and consumption of functional probiotic foods has been increasing alongside awareness of their beneficial effects in promoting gut health as well as in disease prevention and therapy, and this has raised interest in health-promoting foods (37) . The contribution of probiotic bacteria, mainly lactobacilli and bifidobacteria, to maintaining or improving microbial balance in the gut is reviewed by Saarela et al. and by Salminen et al. (37, 38) , and investigations are currently under way into their role in reducing the risk of cancer (11) , influencing immunomodulatory features and preventing food allergies (22, 23, 38) , counteracting hypercholesterolemia (37) , and alleviating the symptoms of lactose intolerance (38) .
The benefits derived from a regular intake of probiotic foods are also correlated to their ability to inhibit pathogens (8, 12) and protect humans from gastrointestinal diseases (28) . Nowadays, foods fortified with health-promoting probiotic bacteria are mainly produced with fresh milk or milk derivatives such as yogurt, cheese, ice cream, and desserts (27) . Cheeses with long ripening times, such as Cheddar, have also been manufactured using probiotic strains which multiply and survive throughout the ripening cycle without altering cheese quality (16, 42) .
Functional food industries are now focusing on new nondairy foods that can contribute to a regular assumption of probiotics in individuals with lactose intolerance or with a diet lacking milk-derived products. The suitability of cereals as a substrate for growing probiotic bacterial strains has been reviewed by Charalampopoulos et al. (5) but at present only a few functional cereal-based products are available on the market, including oat meal gruel mixed with a fruit drink containing Lactobacillus plantarum 299v (30) and a rose hip drink with oats fermented by L. plantarum 299v (24, 30) .
To colonize the gastrointestinal tract, probiotic strains need to be ingested as large populations and on a daily basis (35) . Therefore, food manufacturers are trying to include probiotic strains in foods and beverages which are part of a normal diet to provide health defense while enjoying meals and to differentiate such functional products from concentrated probiotic preparations available as capsules, powders, or liquids. Research is currently under way to obtain a variety of probiotic products such as dry sausage fermented by Lactobacillus rhamnosus strains (14) , fruit pieces containing Bifidobacterium spp. (G. Maguiña et al., Abstr. Annu. Meet. Food Expo., abstr. 15E- 25, 2002 ), dried fruits vacuum-impregnated with Saccharomyces cerevisiae and Lactobacillus casei subsp. rhamnosus (3), soy milk fermented with Bifidobacterium breve (41) , and an oat-based cereal bar including Bifidobacterium lactis (32) .
The olive phylloplane, in particular the fruit surface, is suitable for the survival of microbial populations, in particular lactic acid bacteria (25, 31) which are involved in developing the spontaneous or started lactic fermentation of table olives (17) . In the fermentation process of the most well-known preparation methods, i.e., Spanish-style green olives and California-style and Greek-style black olives as well as in the fermentation process of Sicilian green olives, the main microorganisms involved belong to the species Lactobacillus plantarum, Lactobacillus casei, and Leuconostoc mesenteroides (34, 43) . Several studies have focused on the use of selected lactic acid bacteria to pilot a standardized fermentation process for olive production (2, 10) , to control microbial spoilage (36, 39) , to improve the fermentation process at low temperatures (13) , and to reduce lye treatment for debittering green olives (6) .
Our study aims to broaden the range of functional food types by exploitation of the microarchitecture of the olive surface and the nutritional qualities of olive pulp to develop a tasty, vegetable-based functional food consisting of table olives fortified with probiotic strains. The incorporation of healthpromoting bacteria into table olives would add functional features to their current nutritional properties, e.g., antioxidant polyphenols having strong free-radical scavenging action and preventing atherogenesis (4, 46) ; vitamins (belonging to groups A, B, and E) and their precursors involved in the delay of cellular aging (17, 19) ; minerals such as potassium, magnesium, manganese, iron, calcium, vanadium and particularly sulfur (14 to 38 mg/100 g), as essential elements for the metabolism of sulfurous proteins (19) ; and an oil fraction (14 to 30%) basically consisting of monounsaturated fatty acids which are known to increase the levels of protective high-density lipoprotein cholesterol (46) .
The ability of seven strains belonging to the probiotic species Lactobacillus rhamnosus, Lactobacillus paracasei, Bifidobacterium bifidum, and Bifidobacterium longum to survive on the olive surface was investigated in five different table olive samples.
This study has indicated the suitability of table olives as a biological carrier for a selected strain which survived passage through the gastrointestinal tract and maintained colonization.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Lactobacillus rhamnosus ATCC 53103 (commercially named Lactobacillus GG), Bifidobacterium bifidum ATCC 15696, and Bifidobacterium longum ATCC 15708 were obtained from the American Type Culture Collection. Human isolates belonging to probiotic species, Lactobacillus rhamnosus IMPC11 and IMPC19 and Lactobacillus paracasei IMPC2.1 (deposited as strain LMG P-22043 in the Belgian Coordinated Collections of Microorganisms, Ghent, Belgium) and IMPC4.1 were obtained from the Culture Collection at the Microbiology Institute of the Catholic University of Piacenza, Italy.
Working cultures were prepared by inoculating de Man Rogosa Sharpe (MRS) broth (Difco, Detroit, Mich.) with L. rhamnosus and L. paracasei strains (37°C for 24 h) or MRS medium supplemented with 0.05% (wt/vol) L-cysteine-HCl (Sigma-Aldrich Division, Milan, Italy) (MRSC) with bifidobacteria (37°C for 48 h). L. rhamnosus and Bifidobacterium strains were grown anaerobically (Gas Pack System, Oxoid, Basingstoke, Hampshire, England), while L. paracasei strains were cultured in aerobic conditions. Working cultures were subcultured twice before use in experiments. The cell concentration of individual strains was evaluated by checking the optical density value at 600 nm (OD 600 ) and then by plating diluted suspensions on agar plates.
For long-term storage, stock cultures were prepared by mixing 8 ml of a fresh culture with 2 ml of Bacto glycerol (Difco, Detroit, Mich.) and then freezing 1-ml aliquots of this mixture at Ϫ80°C in 2-ml sterile cryovials (Nalgene, Rochester, N.Y.).
Origin of the olive samples. Commercial ready-to-eat table olives preserved in brine (about 4% wt/vol NaCl) were purchased from local supermarkets in Bari, Italy, while fresh olives were obtained from a local farm (Azienda Santo Stefano, Cerignola, Italy). In particular, one sample of fresh green olives (sample E, Bella di Cerignola variety, size 71 to 80 fruits/kg) and four commercial samples of different types of olives (samples A to D) were used. The information printed on the labels of samples A, B, C, and D is as follows: sample A: black pitted olives, Hojiblanca variety, Alisa brand, size 371 to 400 fruits/kg, preserved in brine (pH 6.3) containing ferrous gluconate (residue), packed in 425 ml cans, and heat sterilized; sample B: black olives, Bella di Cerignola variety, Belaria brand, size 71 to 80 fruits/kg, preserved in brine (pH 5.1) containing ferrous gluconate (residue) and lactic acid, and packed in 4,700-ml cans; sample C: Spanish black pitted olives, Hojiblanca variety, Ponti brand, size 371 to 400 fruits/kg, preserved in brine (pH 6.5) containing ferrous gluconate (residue), packed in 425-ml cans, and heat sterilized; and sample D: green pitted olives, Hojiblanca variety, Saclà brand, size 371 to 400 fruits/kg, preserved in brine (pH 3.9) containing lactic acid and ascorbic acid, and packed in 314-ml glass jars.
Commercial brands of samples A, B, C, and D were selected from among the most common table olives marketed in Italy. Olives were used without any further handling prior to the experiments. All commercial samples (olives and brines) were checked for the absence of microbial population (sterility) as described below under Microbiological analysis.
Inoculum of bacterial strains. Olive samples A, B, C, and D (about 240 g) were placed in 500-ml sterile glass jars and covered with their own brine, while fresh olives from sample E (about 240 g) were washed in tap water to eliminate superficial dirt deposits, dipped in sterile brine (4% wt/vol NaCl), and placed in jars. Olive samples (2 jars each) were separately inoculated with 10 ml of a bacterial suspension containing about 5 ϫ 10 13 CFU for lactobacilli or about 5 ϫ 10 11 CFU for bifidobacteria. Cell concentrations of approximately 10 11 to 10 9 CFU ml Ϫ1 of olive brine were obtained. Bacterial suspensions were prepared by inoculating 2 ml of working culture of individual strains into 100 ml MRS or MRSC for lactobacilli and bifidobacteria, respectively. After growth in the conditions described above, cells were harvested by centrifugation (5,000 ϫ g, 10 min, 4°C), washed with 50 mM phosphate buffer (pH 6.5), and suspended in 10 ml of sterile distilled water. Inoculated samples were stored at room temperature (about 25°C) for 3 months. The experiments were performed twice (total number of measurements, four).
Lactobacillus GG, a strain well known for its probiotic characteristics (40) , was used to select the most suitable olive sample for hosting probiotic species. Ten ml of the bacterial suspension prepared as described above was added to each jar containing olives of samples A, B, C, D, or E.
On the basis of survival performance observed for Lactobacillus GG on different samples, olive sample C was selected as the most suitable to evaluate the survival of other probiotic species, L. rhamnosus IMPC11 and IMPC19, L. paracasei IMPC2.1 and IMPC4.1, B. bifidum ATCC 15696, and B. longum ATCC 15708. Ten ml of each bacterial suspension (about 5 ϫ 10 13 or 5 ϫ 10 11 CFU for lactobacilli and bifidobacteria, respectively) was separately added to jars. In the case of bifidobacteria, jars were supplemented with 0.025% (wt/vol) L-cysteineHCl.
Microbiological analysis. For microbiological analysis, 10 ml of brine and four olives were taken from each jar at inoculation time and after 7, 14, 21, 30, and 90 days of incubation at room temperature. Olives and brines of samples A, B, C, D, and E without bacterial inoculum (control jars), stored in the same conditions as the inoculated samples, were also subjected to microbiological analysis at the same sampling times. Olives were drained, transferred aseptically to sterile tubes containing 20 ml of sterile NaCl (0.85%, wt/vol) solution supplemented with Tween 80 (0.025%, vol/vol), and shaken vigorously for 2 h. The resulting suspensions were serially diluted and plated in duplicate on MRS or MRSC agar for counting purposes. In addition, at inoculation time suspensions were plated on different media, Slanetz & Bartley agar (SB) (Oxoid), Rogosa SL agar (Difco), potato dextrose agar (Difco), plate count agar (Difco), MRS agar, and MRSC agar, to verify the sterility of commercial samples (A, B, C, and D) or to detect indigenous microflora on fresh olives (sample E).
Discrimination of Lactobacillus GG from indigenous microflora on fresh olives. Lactobacillus GG was discriminated from indigenous microflora occurring in sample E by the morphological characteristics of colonies detected on MRS agar plates and by differentiating the cell wall protein profile of isolates. Colonies with morphological characteristics corresponding to that of Lactobacillus GG were defined as GG-like colonies. Twenty percent of total colonies detected on countable agar plates from sample E and from the corresponding noninoculated control were randomly picked at each sampling time and checked for purity; then the morphological characteristics of the colonies and the corresponding cell wall protein profiles were compared. Therefore, the number of Lactobacillus GG cells surviving during the experiment was obtained by counting the GG-like colonies, while the remaining colonies were indicative of indigenous microflora.
For cell wall protein analysis, isolates were grown overnight in MRS broth at 37°C, then the cultures were centrifuged (5,000 ϫ g, 10 min, 4°C), and the cells were washed twice in 50 mM Tris-HCl, pH 7.5, containing 0.1 M CaCl 2 . After centrifugation at 8,000 ϫ g for 5 min, cell wall proteins were extracted using the method previously reported (18) with minor modifications (9) and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis in an Agilent 2100 Bioanalyzer (Agilent Technologies GmbH, Waldbronn, Germany 9 to 10 10 CFU of L. paracasei IMPC2.1, were administered to five healthy volunteers, two male and three female, aged 38 to 64 years. The strain, deposited as strain LMG P-22043 in the Belgian Coordinated Collections of Microorganisms, was previously selected for its potential probiotic characteristics assessed in vitro, e.g., high tolerance to gastric juice, NaCl, and bile salt and adhesion to pig mucus (P. Lavermicocca et al., patent application EP2004/013582). Informed consent was obtained from all volunteers, and they were asked to abstain from consumption of products containing lactobacilli 1 week before and during the whole experiment. Fecal samples were collected at the start and the end of intervention (day 10) and at the end of the follow-up (day 17).
At each sampling, microbial analysis and reisolation of the strain were done as follows. Fecal samples were suspended (1:10 wt/vol) in liquid AMIES (BD Italia, Milan, Italy) and 10-fold serially diluted and 100 l of appropriate dilutions was plated on SL-Rogosa agar (Difco Laboratories, Detroit, Mich.) with or without 12 g ml Ϫ1 of vancomycin (Sigma-Aldrich Division, Milan, Italy). Vancomycinresistant lactobacilli, including L. paracasei, were enumerated on SL-Rogosavancomycin agar. Plates were incubated for 3 days at 37°C in anaerobic jars.
Genetic identification of L. paracasei IMPC2.1 strain. PCR-amplified ribosomal DNA restriction analysis (ARDRA) was performed according to Ventura et al. (44) for the identification of L. paracasei among the vancomycin-resistant Lactobacillus species. Briefly, 10 to 20% of total colonies randomly selected from countable SL-Rogosa-vancomycin agar plates were isolated and checked for purity and DNA was extracted using a microlysis kit (Microzone Ltd., United Kingdom). The 16S rRNA gene was obtained by amplification and analyzed using the ARDRA technique. The Sau3AI restriction enzyme was used for discriminating L. paracasei from the other vancomycin-resistant species. In order to sort out the IMPC2.1 strain from the L. paracasei identified by ARDRA, a repetitive extragenic palindromic-PCR (REP-PCR) analysis was performed according to the method of Hyytiä-Trees et al. (21) . Two degenerate primers, REP-1R-Dt (5Ј-IIINCGNCGNCATTCNGGC-3Ј) (where N is A, T, C, or G and I is inosine) and REP-2R-Dt (5Ј-NCGNCTTATCNGGCCTAC-3Ј), were used (45) . The amplifications were performed in a GeneAmp PCR system 9700 (Perkin-Elmer) following the PCR conditions described by Hyytiä-Trees et al. (21) .
Scanning electron microscopy. Scanning electron microscopy observations were performed to assess the ability of strains used in this study to adhere to the olive surface. Samples were prepared by using a scalpel to cut the olive skin, which was fixed in 2.5% (vol/vol) glutaraldehyde in 100 mM cacodylate buffer (pH 7.4) and rinsed three times in cacodylate buffer (pH 7.4). All chemicals were obtained from Fluka (Sigma-Aldrich Division, Milan, Italy). Samples were dehydrated with a graded series of ethanol (75, 85, 95, and 100%) (33) , dried at the critical point of liquid CO 2 , and then coated with gold. Olive skins were observed with a Philips XL 30 ESEM scanning microscope (Philips, Hillsboro, Oregon) at an acceleration voltage of 25 kV.
Statistical analyses. For the microbiological analyses, mean CFU Ϯ standard error was calculated for each experiment. Data were analyzed by one-way analysis of variance followed by the Fisher test using STATISTICA 6.0 software (StatSoft software package, Tulsa, OK). A P value of Ͻ0.05 was accepted as statistically significant.
RESULTS

Survival of bacterial strains on olives.
Neither commercial products (samples A, B, C, and D) nor noninoculated control jars stored over the 3-month experimental period yielded bacterial colonies on agar media from olives and brines. The appearance, texture, and organoleptic quality of products resulting from the addition of probiotic species were identical to those of the commercial products.
Lactobacillus GG survival. Bacterial survival was observed on four out of five olive samples. On olive sample D, bacterial cells survived for 1 week, possibly due to the low pH (3.9) of the olive brine; the number of viable cells after a week dropped to 0 from 3.7 ϫ 10 6 CFU g Ϫ1 on olives and 10 9 CFU ml Ϫ1 in brines. The behavior of Lactobacillus GG survival on the remaining four olive samples and in the corresponding brines is shown in Fig. 1 . On olive samples A and B the number of viable cells declined during incubation. On the former, the number of viable cells was 1.8 ϫ 10 7 CFU g Ϫ1 at inoculation time and significantly (P Ͻ 0.05) increased during the first 14 days (2.1 ϫ 10 9 CFU g Ϫ1 ), then dropped to 3.4 ϫ 10 4 CFU g Ϫ1 after 90 days (P Ͻ 0.05). On sample B, Lactobacillus GG significantly (P Ͻ 0.05) dropped from 4.4 ϫ 10 7 to 2.5 ϫ 10 5 CFU g Ϫ1 after 3 months. Conversely, no great fluctuation in the number of bacterial CFU during the entire experiment was observed with Lactobacillus GG on olive sample C: 2 ϫ 10 7 CFU g Ϫ1 were recovered after inoculation and the number was not significantly different after 90 days (7.4 ϫ 10 6 CFU g Ϫ1 ) (P Ͼ 0.05) (Fig. 1) . Therefore, olive sample C was selected to investigate the survival of the other strains.
To evaluate the ability of Lactobacillus GG to colonize fresh olives, its survival behavior was assessed on olive sample E (Fig. 1) . Microbiological analysis of the inoculated sample and the corresponding control indicated the presence of bacterial colonies with different morphologies, such as GG-like colonies, detected only in the inoculated sample, and indigenous microflora. Lactobacillus GG forms large, creamy white colonies on MRS agar that are generally distinct from other lactic acid bacterial colonies (1) .
In order to confirm the presence of Lactobacillus GG detected by colony morphology, a cell wall protein profile analysis of isolates was performed on 20% of total colonies randomly picked from countable agar plates. The analysis, performed at each sampling time, showed three representative profiles in both control and inoculated samples, while one additional profile, corresponding to the GG-like colonies, was observed only in the inoculated sample. As an example, at 14 days, the electrophoretic pattern obtained from the analysis of 10 colonies isolated from a plate of the inoculated sample containing a total of about 50 (dilution factor 10 4 ) colonies, is reported in Fig. 2 . Three colonies screened as GG-like out of 10 evaluated showed the protein profile reported in lane 3, which was comparable to that of the reference strain Lactobacillus GG (lane 2); protein fingerprints reported in lanes 4, 5, and 6 can be ascribed to indigenous bacterial colonies observed both in the control and in the inoculated sample.
Additionally, the results of cell wall protein profile analysis performed comparing another seven GG-like colonies picked from the same agar plate to the reference strain L. rhamnosus GG were in agreement with the screening based on colony morphology (data not shown). Results showed that viable Lactobacillus GG cells declined considerably on olives during the first 14 days from 1.8 ϫ 10 7 to 2.3 ϫ 10 5 CFU g Ϫ1 (P Ͻ 0.05), and a survival of 3.2 ϫ 10 6 CFU g Ϫ1 was recorded after 90 days. Few indigenous microbial colonies were observed on SB, plate count agar, and potato dextrose agar at inoculation time, while after 14, 21, 30, and 90 days about 10 5 to 10 6 CFU per gram of olives were recovered on MRS agar.
The behavior of the bacterial strain in brines (Fig. 1) reflected the survival performance observed on olives, with the number of viable cells recovered in brines generally being 100-to 1,000-fold higher than on the fruits themselves.
Survival of lactobacilli and bifidobacteria. L. rhamnosus  IMPC11 and IMPC19, B. longum ATCC 15708, B. bifidum VOL. 71, 2005 OLIVES AS A CARRIER FOR DELIVERING BACTERIAL STRAINS 4235 ATCC 15696, and L. paracasei IMPC2.1 and IMPC4.1 survived on olive sample C over a 3-month storage period, as shown in Fig. 3 . A significant increase was observed in populations of L. rhamnosus IMPC11 and IMPC19 (from 2.3 ϫ 10 6 to 3.3 ϫ 10 7 CFU g Ϫ1 and from 2.2 ϫ 10 6 to 2.1 ϫ 10 7 CFU g Ϫ1 , respectively) during the first 7 days (P Ͻ 0.05), while the number of viable cells declined to 4.5 ϫ 10 6 and 1.5 ϫ 10 6 CFU g Ϫ1 , respectively, after 30 days and remained almost unvaried until the end of the sampling period (P Ͼ 0.05) (Fig. 3) . A good survival rate until 30 days (more than 10 6 CFU g Ϫ1 ) was observed in the case of bifidobacteria populations: about 1.1 ϫ 10 7 CFU g Ϫ1 was recovered for B. bifidum at inoculation time; afterwards the cell concentration declined (P Ͻ 0.05) till 30 days (3.6 ϫ 10 6 CFU g Ϫ1 ), with a final recovery of 7 ϫ 10 5 CFU g Ϫ1 after 90 days (P Ͻ 0.05). Similar behavior was observed for B. longum, which declined to 2.1 ϫ 10 5 CFU g Ϫ1 after 90 days. With regard to the L. paracasei species, strains IMPC4.1 and IMPC2.1 maintained high viability on olives (Fig. 3) . Particular attention should be addressed to the high survival throughout the experiment of L. paracasei IMPC2.1, with more than 10 7 viable cells per gram of olives recovered at each sampling time (P Ͼ 0.05). For all strains, cells survived in brines to a greater extent (generally 10-to 100-fold) than on olives (Fig. 3) .
Recovery of L. paracasei IMPC2.1 from human feces after olive intake. This test was carried out to validate table olives as a carrier for transporting bacterial cells into the human gastrointestinal tract. This was demonstrated by the recovery of L. paracasei IMPC2.1 (LMG P-22043) from four out of five fecal (Table 1) , while the strain was not detected in any of the feces samples obtained before the consumption of olives. The REP-PCR profiles obtained from colonies isolated from the fecal sample of volunteer 3 at day 10 are shown in Fig. 4 : the profile reported in lane 3 was identical to the pattern obtained from L. paracasei IMPC2.1, used as a positive control (lane 2). The strain was also still identified in one of the five volunteers at the end of follow-up (day 17) ( Table 1) .
Adhesion of bacterial cells to the olive surface. Electron microscopic observation of the surface of olive sample C revealed a regular distribution of bacterial cells for L. rhamnosus and L. paracasei strains, while bifidobacterial cells tended to aggregate (Fig. 5) . In particular, B. longum ATCC 15708 (Fig.  5c ) seemed to adhere to the olive surface through small aggregates of amorphous material occurring on the control (Fig.  5e) , while B. bifidum ATCC 15696 cells appeared to cluster directly on the olive surface (Fig. 5d) .
DISCUSSION
The results reported here suggest that table olives are a suitable substrate for delivering probiotic species, since populations of L. paracasei IMPC2.1 (LMG P-22043), a strain selected for its potential probiotic characteristics assessed in vitro and for its lengthy survival on olives, were detected in the feces of human volunteers after daily consumption of olives containing about 10 9 to 10 10 viable cells. This result meets one of the aims of the current research, that of finding new delivery systems ensuring the stability and viability of strains (29) . The experimental results obtained in our study using olive sample C show that both strains of L. paracasei survived the 3-month experiments better than the other species tested. In particular, a moderate fluctuation around 10 7 CFU g Ϫ1 was recorded for this species throughout the experiment.
The bifidobacteria and L. rhamnosus strains showed a good survival rate until 30 days (more than 10 6 CFU g Ϫ1 ); afterwards the population remained unvaried for L. rhamnosus strains, while a slight decline was observed for bifidobacteria ( Fig. 1 and 3) . The survival performance observed for bifidobacteria is quite promising for a successful introduction of these species into the vegetable food chain. It is noteworthy that incorporation of this group of bacteria into dairy products has proved to be difficult due to their sensitivity to the environmental conditions of fermented products (low pH, long storage periods at low temperatures, oxygen, interactions with lactic acid bacteria starters) (20) . Experiments to improve the technological performance and gastrointestinal survival of bifidobacteria have been performed by incorporating microbial cells into calcium alginate beads or granular starch (7, 26) . Generally, microbial cells are immobilized in food matrices through attachment to a solid substrate (15) . In the case of table olives, scanning electron microscopic observation revealed that the fruit surface is an example of microarchitecture where bacteria can survive by adhering to skin (Fig. 5) . Similar observations were reported by Nychas et al. (31) , who indicated epicuticular waxes as the site of attachment for colonization by yeasts and bacteria.
In conclusion, table olives might be a good candidate for producing a novel and tasty functional vegetable food, also due to the storage temperature of the product; the level of viable probiotic strains ranged from 10 7 to 10 8 CFU g Ϫ1 during storage at room temperature for Lactobacillus GG and L. paracasei strains. This means that, considering an intake of about 10 to 15 olives per portion (corresponding to 30 to 50 g of pulp), an amount ranging from 10 8 to 10 9 CFU of viable probiotic strains could be ingested using preparations stored for 3 months at room temperature. These amounts are comparable to those of milk-based probiotic products, e.g., bioyogurt, containing more than 10 6 probiotic bacteria per ml at the end of their shelf life, which does not exceed 30 days when stored under refrigeration (27) .
Further studies should be addressed to assessing the contribution of probiotic strains to lactic fermentation performed by starter strains. In this regard, the survival of Lactobacillus GG on fresh olives from sample E in the presence of indigenous bacteria ( Fig. 1) is of particular interest. The entity of the final colonization of the probiotic strain indicates that its survival could be improved by the presence of other bacterial species. This has technological implications when coinoculation of starters and probiotic strains is carried out. Among the strains evaluated in this study, L. paracasei IMPC2.1 (LMG P-22043) could be considered an example of a probiotic strain suitable for olive processing, also in light of its strict taxonomical rela- 
